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Croton tiglium, crotonic acid, phorbol ester, purification C. tiglium seeds oil is reported to contain phorbol esters and crotonic acid along with the fatty acids. [6, 7] C. tiglium, commonly known as Kumbhinī is well-known for its severe purgative action. [6, 7] Ayurveda is being practiced throughout the India including tribal and remote areas where other systems of medicine are not readily available. Though it does not have the scientific evidence regarding the mechanism of action, it plays a major role in meeting the health-care needs of a large section of India. [8] In Ayurveda, Śodhana is a unique process of detoxification which is employed. In Ayurveda, Śodhana is a unique process of detoxification which is employed partly to purify/detoxify and partly to potentiate the effect of various kinds of drugs used in Ayurvedic medicine with a view to reduce their toxic contents/effects as well as to enhance their therapeutic properties. Commonly used ingredients for Śodhana are cow's milk, cow's urine, ghee, and juice of few plants. [9, 10] Milk is considered as the best among all the media (Śodhanīya dravya) used in the Śodhana process. In Ayurvedic text, it is reported that C. tiglium seeds are used for the treatment of constipation after Śodhana with Godugdha (cow milk). [11, 12] In the present study, an attempt was made to identify the toxic principles responsible for the severe purgative action of C. tiglium seeds. High-performance liquid chromatography (HPLC) of extract of C. tiglium seeds before and after the purification process were performed for the identification and quantification of the toxic principles along with other physiochemical parameters.
MATERIALS AND METHODS

Chemicals and instrumentation
Croton tiglium seeds were purchased from Goladina Nath market, Varanasi. Standard crotonic acid and phorbol-12-myristate-13-acetate (PMA) were purchased from Tocris Bioscience (Bristol, UK). All other chemicals used were of analytical grade. HPLC (Detoxification of Croton tiglium) used for the quantitative estimation of PMA and crotonic acid.
Śodhana of Kumbhinī
Croton tiglium seeds (250 g) were soaked in water overnight, outer cover (testa), and cotyledon of the seeds was removed with the help of a knife. The endosperm obtained was converted into a coarse powder. The coarse powder was wrapped in a cotton cloth to form a poṭṭali. Poṭṭali was hung in an iron pot containing cow's milk in such a manner that the poṭṭali was completely immersed in milk but did not touch bottom of the vessel. Heating (120°C) provided to the vessel by hot plate continuously for 3 h (1 prahara) to aid the svedana process. During the svedana process, a sufficient amount of fresh milk was added at regular intervals to maintain the level of milk in the vessel. After 3 h, the poṭṭali was removed from the milk and washed with hot water thrice and dried by spreading on the outer surface of an earthen pot. The whole process was repeated for thrice. [11] Preparation of crude extract About 12 g each of purified and unpurified powdered plant materials were macerated with methanol (100 ml) for 24 h. In this, they were shaken frequently for 6 h and allowed to stand for 18 h. The macerate was filtered, and filtrate obtained was concentrated in a rotary evaporator. The residue obtained (1.4 g) was suspended in 20 ml of water and partitioned with hexane and diethyl ether, thrice with each. [13] Diethyl ether fraction was pooled and used for the quantitative estimation of PMA. Hexane soluble fraction was used for quantitative estimation of crotonic acid.
Quantitative estimation of phorbol ester
Phorbol ester was quantified by HPLC method developed by Hass and Mittelbach [14] and modified by Saetae and Suntornsuk. [15] The analytical column used was a Zorbax, C18 (4 µm particle size and 150 mm × 3.9 mm internal diameter) column. The column was thermally controlled at 25°C. A mixture of acetonitrile and deionized water (80:20, v: v) was used as the mobile phase at a flow rate of 1 ml/min. The diode array detector wavelength was set at 254 nm. The PMA was used as an external standard [ Figures 1 and 2 ].
Quantitative estimation of crotonic acid
Crotonic acid was quantified by HPLC method developed by Kobayashi et al. [16] with few modifications. The analytical column used was a Zorbax, C18 (4 µm particle size and 150 × 3.9 mm internal diameter) column. The column was thermally controlled at 25°C. A mixture of 5 mM KH 2 PO 4 (pH 2.9) and acetonitrile (3:1) was used as mobile phase at a flow rate of 1 ml/min. The diode array detector wavelength was set at 240 nm. Crotonic acid was used as an external standard [ Figures 3 and 4] .
Determination of physiochemical parameters
Total ash value, acid insoluble ash value, acid value, saponification value, alcohol soluble extractive value, and water soluble extractive value were determined in the C. tiglium seeds before and after the purification process as per the Ayurvedic Pharmacopoeia of India.
[17]
RESULTS
The quantity of phorbol ester and crotonic acid in unpurified and purified sample was determined by HPLC. The content of the phorbol ester equivalent to PMA in unpurified and purified sample was found to be 5.2 mg/100 g and 1.8 mg/100 g of dried seeds of C. tiglium, respectively. The quantity of crotonic acid in unpurified seeds of C. tiglium was found to be 0.102 mg/100 g of dried seeds. Crotonic acid content was found to be absent in the purified seed extract of C. tiglium.
Results of physiochemical parameters in unpurified and purified seeds of C. tiglium are represented in Table 1 .
DISCUSSION
Croton tiglium seeds are well-known by the name of Kumbhinī in Ayurveda [18] for its toxicity (severe purgative action). Yet in Ayurveda, C. tiglium seeds are used in the treatment of severe constipation after its Śodhana with cow's milk. The present study was carried out to find out the phytochemical constituents responsible for the toxicity of C. tiglium seeds and changes in the level of phytochemical constituents and physiochemical parameters during the process of Śodhana. In the present study, the level of phorbol ester and crotonic acid was quantified by HPLC method. Results obtained indicate that the level of phorbol ester reduced to 1.8 mg/100 g of dried seeds of C. tiglium after the purification process from 5.2 mg/100 g in unpurified seeds of C. tiglium. The level of crotonic acid in unpurified seeds of C. tiglium was found 0.102 mg/100 g while it was absent in purified seeds extract. Milk is a natural emulsion, having both oil and water phase and has the capacity to dissolve the nonpolar, as well as polar constituents. Phorbol ester and crotonic acid are nonpolar constituents of C. tiglium seeds. During the process of Śodhana, milk removes these two constituents from the seeds. Both the constituents are reported to have irritant activity on the gastrointestinal tract [3, 6, 7] and subsequently responsible for severe purgative action. It may be speculated that reduction in the toxicity of C. tiglium seeds is due to the reduction of the level of these two constituents along with the other constituents. That is why C. tiglium seeds are used for the treatment of constipation in Ayurveda after its Śodhana. Results obtained from physiochemical parameters before and after purification indicate the significant change in ash value, water and alcohol soluble extractive value, acid value, and saponification value. Increase in the total ash value (from 2.71% to 3.11%), alcohol soluble extractive value (from 8.26% to 12.35%), and reduction in the acid value (from 14.46 to 8.53) and saponification value (from 163.98 to 139.53) during the process of purification indicate the loss of oil soluble constituents from the C. tiglium seeds.
The toxicity of C. tiglium seeds is due to the presence of phorbol esters and crotonic acid along with other constituents. These constituents are oil soluble that may have been removed by cow's milk during the process of Śodhana. Reduction in the level of these constituents after the purification reduced the toxicity of C. tiglium seeds. Reduction in the toxicity of C. tiglium seeds helps aid the therapeutic activity of the seeds after the purification process. 
